SEMICONDUCTOR MEMORY DEVICE AND CONTROL METHOD 



THEREOF 

FIELD OF THE INVENTION 
5 [0001] 

The present invention relates to a semiconductor memory device. 
More specifically, the invention relates to a dynamic semiconductor 
memory device suitable for being applied to a semiconductor memory 
device compliant with a high-speed SRAM semiconductor memory 
10 device of a clock synchronous type, and its control method. 
BACKGROUND OF THE INVENTION 
[0002] 

ZBT (zero bus turnaround) is a synchronous SRAM architecture 
optimized for a switching function and a router function that require 

15 frequent and highly random read and write operations, for example, in 
networking and telecommunications applications. A ZBT SRAM 
device is useful for removing an idling state that might be encountered 
during access to a data bus through which switching between write and 
read operations is frequently performed. In other words, the ZBT 

20 SRAM device removes a dead cycle and enables use in a maximum 
memory bandwidth. 
[0003] 

While a DRAM device requires a periodic refresh operation and a 
pre-charge operation for a bit line, an SRAM device is excellent in terms 
25 of a data access cycle. In the SRAM device, each cell is composed by 
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four or six transistors. In a high resistive load type cell, the four 
transistors are constituted of two selection transistors connected to a 
pair of bit lines and two transistors having their gates and drains cross- 
connected to each other, while a CMOS type cell is constituted from the 
5 six transistors. The DRAM device is constituted from one transistor 
and one capacitor. It means that a DRAM is superior to an SRAM in a 
die area, power dissipation, and a cost. Thus, there is proposed an 
enhanced bus turnaround DRAM which aims at improvements in device 
integration, power dissipation, and the cost as well as provides 

10 advantages of a conventional ZBT SRAM device having a pin 
arrangement, timing and function similar to those of the SRAM (refer 
the following reference 1 (termed as a Patent Document 1)). 

[0004] 
[Patent Document 1] 

15 JP Patent Kokai Publication No. JP-P200 1 -283587 A (p. 2, Fig. 1) 

[0005] 

A memory device described in the above Patent Document 1 
includes a WAIT signal output pin that informs to a controller outside 
the memory device that a memory array is in a state which cannot be 

20 used for data access. The above Patent Document 1 describes an object 
of providing the enhanced bus turnaround DRAM with the pin 
arrangement, the timing, and function sets similar to those of the ZBT 
SRAM device and having same advantages as the ZBT SRAM device. 
However, the device is not ZBT-SRAM compatible. In the above Patent 

25 Document 1, use of a two-port DRAM cell is not described, and a usual 



one-port DRAM cell is considered to be used. There is a need to always 
insert a refresh cycle between read/write cycles; and in the refresh cycle, 
read/write operations must be interrupted. When the DRAM is applied 
to communications, specifications for enabling continuous read/write 
operations are required. In such communications applications, the 
conventional ZBT SRAM cannot be replaced by the enhanced bus 
turnaround DRAM described in the above Patent Document 1. In a 
paragraph [0059] in a detailed description of the above Patent Document 
1, there is such a description that when the refresh cycle is hidden 
behind a readout cycle of a cache, an effect of almost every refresh 
cycles on the operation of the memory device is made minimum. 
However, in case where read/write requests for data not on the cache in 
the memory array continually occur, even though the occurrence of such 
a case is not frequent, the read/write operations had to be interrupted by 
using the WAIT terminal, as a result of which the ZBT SRAM cannot be 
replaced by the enhanced bus turnaround DRAM. 
[0006] 

On the other hand, as shown in Fig. 11, there is known a dynamic 
random access memory (refer the following reference 2(Patent 
Document 2), for example). This memory includes a cell array which 
has a plurality of memory cells, each of which is a two-port DRAM cell. 
In each two-port memory cell, first and second switch transistors 205 
and 206 are connected in series between a bit line 201 for normal access 
and a bit line 202 for refreshing only. A capacitor element 207 for 
storing data is connected to a connection node at which the first and 
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second switch transistors 205 and 206 are tied. A word line 204 for 
normal access and a word line 203 for refreshing are connected to 
respective control terminals of the first and second switch transistors 
205 and 206. In this memory, when an external memory access and a 
5 refresh are made in a overlapped timing to an identical address, the 
refresh is masked. 
[0007] 

There is also known a memory (refer the following reference 3 
(Patent Document 3), for example). In this memory, the two-port 
10 DRAM cells shown in Fig. 11 are employed; and bit lines dedicated for 
write and bit lines dedicated for read are provided, and read and write 
operations are simultaneously performed. For a refresh, cell data is 
read from the corresponding bit line dedicated for read, and amplified by 
a sense amplifier. Then, the cell data is written back through the 
15 corresponding bit line dedicated for write. 
[0008] 
[Patent Document 2] 

JP Patent Kokai Publication No. JP- A-3-263685 (p. 2, Fig. 2) 
[Patent Document 3] 
20 JP Patent No. 2653689 (p. 3, Fig. 2) 

SUMMARY OF THE DISCLOSURE 
[0009] 

A device that uses conventional DRAM cells, similar to the ZBT 
SRAM, (also called as an "NoBL-SRAM") has been developed. In this 
25 device, it becomes necessary to deselect four clock cycles for each 16 jis 
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for performing an auto-refresh, for example; thus, it is not completely 
ZBT-SRAM-interface compatible (refer the following reference 4 (Non- 
patent Document 1), for example). Presence of a deselect period makes 
it difficult to increase access efficiency. 
5 [0010] 

[Non-patent Document 1] 

Enhanced Memory Systems Inc. Web Page Products News 
(Products New) [Searched on Oct. 10, 2002] Via Internet 
<URL :http://www. edram.com/ products/datasheets/ss2625ds_rl.l.pdf (p. 
10 6)> 

[0011] 

Accordingly, it is an object of the present invention to provide a 
semiconductor memory device that is interface compatible with a high- 
speed SRAM such as a ZBT SRAM and its control method, which can 
15 improve the efficiency of refresh control in the semiconductor memory 
device to realize a high speed operation. 

[0012] 

The above and other objects are attained by a semiconductor 
memory device according to one aspect of the present invention 

20 comprises: a cell array including a plurality of memory cells, each of 
which comprises: first and second switch transistors connected in series 
between a bit line for normal access and a bit line for refreshing; and a 
capacitor for data storage, connected to a connection point between the 
first and second switch transistors; in which a word line for normal 

25 access and a word line for refreshing are connected to respective control 
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terminals of the first and second switch transistors. The semiconductor 
memory device, which is configured as a late-write configuration in 
which a write to a memory cell selected by a write address input to the 
semiconductor memory device from an outside of the semiconductor 
5 memory device is performed, being delayed by at least one write cycle 
from input of the write address, comprises a determination circuit for 
comparing a refresh address with a row address of the write address 
externally input the at least one write cycle earlier to detect whether the 
refresh address matches the row address or not; and a control unit for 

10 performing control so that 

when a mismatch is detected as a result of the determination, a 
write operation and a refresh operation are concurrently performed 
during a same cycle, the write operation being performed by activating 
the word line for normal access selected by the write address, turning on 

15 the first switch transistor for the memory cell connected to the word line 
for normal access, and writing data to the capacitor through the bit line 
for normal access, the refresh operation being performed by activating 
the word line for refreshing selected by the refresh address, turning on 
the second switch transistor for the memory cell connected to the word 

20 line for refreshing, and reading cell data and writing back the cell data 
through the bit line for refreshing using a sense amplifier for refreshing 
connected to the bit line for refreshing, and 

when the match is detected as the result of the determination, the 
refresh operation is inhibited and the write operation is performed. 

25 [0013] 
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According to one aspect of the present invention, preferably, the 
determination circuit compares the refresh address with the row address 
of the write address to detect whether the refresh address matches the 
row address of the write address or not before a cycle of performing the 
5 write operation on the cell array is started. 

[0014] 

A method in accordance with another aspect of the present 
invention relates to refreshing control of a semiconductor memory 
device. In the method of controlling the semiconductor memory device 

10 having a cell array including a plurality of memory cells, each of the 
memory cells comprising: first and second switch transistors connected 
in series between a bit line for normal access and a bit line for 
refreshing; and a capacitor for data storage, connected to a connection 
point between the first and second switch transistors; a word line for 

15 normal access and a word line for refreshing being connected to 
respective control terminals of the first and second switch transistors, 
wherein the semiconductor memory device having a late-write 
configuration in which a write to a memory cell selected by a write 
address input to the semiconductor memory device from an outside of 

20 the semiconductor memory device is performed, being delayed by at 
least one write cycle. The method comprises the steps of: 

(a) comparing a generated refresh address with the write address 
externally input the at least one write cycle earlier to detect whether the 
refresh address matches the write address or not; 

25 (b) performing control so that when a mismatch is detected as a 
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result of the determination, a write operation and a refresh operation are 
concurrently performed during a same cycle, the write operation being 
performed by activating the word line for normal access selected by the 
write address, turning on the first switch transistor for the memory cell 
connected to the word line for normal access, and writing data to the 
capacitor through the bit line for normal access, the refresh operation 
being performed by activating the word line for refreshing selected by 
the refresh address, turning on the second switch transistor for the 
memory cell connected to the word line for refreshing, and reading cell 
data and writing back the cell data through the bit line for refreshing 
using a sense amplifier for refreshing connected to the bit line for 
refreshing; and 

(c) performing control so that when there is the match as the 
result of the determination, the refresh operation is inhibited and the 
write operation is performed. 

Still other objects and advantages of the present invention will 
become readily apparent to those skilled in this art from the following 
detailed description in conjunction with the accompanying drawings 
wherein only the preferred embodiments of the invention are shown and 
described, simply by way of illustration of the best mode contemplated 
of carrying out this invention. As will be realized, the invention is 
capable of other and different embodiments, and its several details are 
capable of modifications in various obvious respects, all without 
departing from the invention. Accordingly, the drawing and description 
are to be regarded as illustrative in nature, and not as restrictive. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a cell array and an overall 
configuration of a semiconductor memory device according to an 
embodiment of the present invention; 
5 Fig. 2 is a diagram showing a configuration of a register (REGX) 

according to the embodiment of the present invention; 

Fig. 3 is a diagram showing a configuration of a register (REGY) 
according to the embodiment of the present invention; 

Fig. 4 is a timing waveform diagram for explaining an operation 
10 according to the embodiment of the present invention; 

Fig. 5 is a diagram showing another configuration of the register 
(REGX) according to the embodiment of the present invention; 

Fig. 6 is a diagram showing a configuration of a refresh control 
circuit according to the embodiment of the present invention; 
15 Fig. 7 is a timing diagram for explaining an operation of the 

refresh control circuit according to the embodiment of the present 
invention; 

Fig. 8 is a diagram showing still another configuration of the 
register (REGX) according to the embodiment of the present invention; 
20 Fig. 9 is a diagram for explaining an operation of ZBT to which 

the present invention is applied; 

Fig. 10 is a diagram showing still another configuration of the 
register (REGX) according to an embodiment of the present invention; 
and 

25 Fig. 11 is a diagram showing a configuration of a conventional 
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DRAM cell. 

PREFERRED EMBODIMENTS OF THE INVENTION 
[0015] 

Embodiments for practicing the present invention will be 
5 described. Referring to Fig. 1, in a semiconductor memory device in an 
embodiment, each memory cell includes first and second switch 
transistors (Trl and Tr2) connected in series between a bit line (B(E)) 
for normal access and a bit line (B(F)) for refreshing and a capacitor (C) 
for data storage connected to a connection node at which the first and 
10 second switch transistors (Trl and Tr2) are tied. A word line (W(E)) for 
normal access and a word line (W(F)) for refreshing are connected to 
control terminals of the first and second switch transistors (Trl and Tr2), 
respectively. The semiconductor memory device has a late-write 
configuration in which writing data to a memory cell at an externally 
15 input write address is performed with a delay by a predetermined number 
of write cycles exceeding one. 
[0016] 

The semiconductor memory device according to the preferred 
embodiment of the present invention includes at least a determination 

20 circuit (130) for comparing a generated refresh address with a write 
address externally supplied to an address terminal of the semiconductor 
memory device the predetermined number of write cycles exceeding one 
earlier and held for a period corresponding to the predetermined number 
of write cycles to detect whether there is a match in the two addresses or 

25 not. Based on an output signal (HITE) which indicates the check result 
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by the determination circuit (130), if a mismatch has been detected, a 
refresh operation on a memory cell specified by the refresh address and 
a normal write operation on the write address are concurrently 
performed during a same cycle. In the refresh operation, a refresh 
5 control circuit (131) activates a refresh control signal (FC) to thereby 
activate a word line for refreshing. A second cell transistor of the 
memory cell connected to the word line is then turned on. Then, the 
refresh operation is performed using a sense amplifier for refreshing 
(113F) connected to a bit line for refreshing. In the normal write 
10 operation, a word line for normal access associated with the write 
address is selected, a first cell transistor of a memory cell connected to 
the word line is turned on, and a write operation of data to the memory 
cell through a bit line for normal access is performed. 
[0017] 

15 In the semiconductor memory device according to an embodiment 

of the present invention, the determination circuit (130) for outputting a 
determination result (HITE) includes a write address holding circuit 
(latch circuits 322 to 325 in Fig. 5, for example) for holding an address 
(row address) externally supplied to the address terminal and delaying 

20 the address by the predetermined number of write cycles, a selection 
circuit (326 in Fig. 5) which selects the externally input address in case 
of a control signal (R/W) indicating a read operation and selects an 
address output from the write address holding circuit in case of the 
control signal (R/W) indicating a write operation, to output the selected 

25 address to a row decoder circuit ( 1 1 1 E in Fig. 1) and a match detection 
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circuit (332 in Fig. 5) for comparing an address output from the write 
address holding circuit (the latch circuit 324 in Fig. 5) with a refresh 
address to detect whether the address output from the write address 
holding circuit matches the refresh address. The match detection 
5 circuit (332 in Fig. 5) compares the write address at a point in time 
before output delayed by the predetermined number of write cycles is 
performed (an output of the latch circuit 324 in front of the latch circuit 
325 at a final stage of the write address holding circuit) with the refresh 
address to detect whether the write address matches the refresh address 
10 or not. That is, before a cycle, in which a write operation on a cell 
array is performed, is initiated, comparison and checking as to whether 
the refresh address matches the write address are made. 
[0018] 

In the semiconductor memory device according to the embodiment 
15 mode of the present invention, the write address holding circuit is 
configured using pairs of latch circuits connected in cascade connection, 
each pair of the latch circuits (such as 322, 323 in Fig. 5) sampling data 
at a falling or a rising edge of a clock signal (KW) for write control. 
The number of the pairs of the latch circuits (constituted from a pair of 
20 the latch circuits 322 and 323 and a pair of the latch circuits 324 and 325, 
totaling four stages in Fig. 5) corresponds to the predetermined number 
of cycles. The latch circuit at the final stage (the latch circuit 325 in 
Fig. 5) constituting the write address holding circuit outputs a write 
address to the selection circuit (326) at a rise of the clock signal (KW) 
25 for write control (at a timing associated with a delay of two write cycles 
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after sampling by a latch circuit 320). 
[0019] 

Alternatively, the semiconductor memory device according to 
another embodiment of the present invention preferably include a match 
5 detection circuit (307 in Fig. 2) for comparing an address output from a 
selection circuit (306 in Fig. 2) with the refresh address to detect 
whether the address output from the selection circuit matches the refresh 
address. 

[0020] 

10 A semiconductor memory device according to another 

embodiment of the present invention preferably includes a write address 
holding circuit (341, 342, 343, 344 in Fig. 8) for delaying an externally 
supplied address (AddE) by the predetermined number of write cycles, a 
first selection circuit (345 in Fig. 8) for selecting the externally input 

15 address when the control signal for commanding read/write operation, 
indicates a read and for selecting a write address output from the write 
address holding circuit (344 in Fig. 8) when the control signal indicates 
a write to supply the selected address to the row decoder circuit, a first 
match detection circuit (351 in Fig. 8) for comparing the externally 

20 supplied address (AddE) with a refresh address (AddF) to detect whether 
the externally input address matches the refresh address or not, a second 
match detection circuit (352 in Fig. 8) for comparing a write address 
(the output of the latch circuit 343 in Fig. 8) held in the write address 
holding circuit and at a point of time before output delayed by the 

25 predetermined number of write cycles is performed, with the refresh 
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address (AddF) to detect whether the write address matches the refresh 
address or not, and a second selection circuit (353, 354 in Fig. 8) for 
selecting an output signal of the first match detection circuit for a read 
and the output signal of the second match detection circuit for a write, 
5 based on the value of the control signal commanding the read/write 
operation. The output signal of the second selection circuit is 
employed as the hit signal (HITE) constituting the output of the 
determination circuit. 
[0021] 

10 A semiconductor memory device according to the embodiment 

mode of the present invention includes circuits (401 to 404 in Fig. 6) for 
performing control so that the refresh control signal (FC) is activated 
when there is any one bit indicating a mismatch between the externally 
input write address (AddE) delayed by the predetermined number of 

15 write cycles and the refresh address (AddF) after the result of 
determination by the determination circuit (130). At this point, the 
write operation associated with the write address and the refresh 
operation are concurrently performed. On the other hand, when the 
externally supplied write address AddE delayed by the predetermined 

20 number of write cycles matches the fresh address AddF in all bit 
positions (when HITEs are all active for the bits of the row address), the 
refresh control signal FC is deactivated. For this reason, only the write 
operation is performed. 
[0022] 

25 The semiconductor memory device according to the embodiment 
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of the present invention may include a comparator (308, 309 in Fig. 2) 
for respectively comparing a write address delayed at the write address 
holding circuit by the predetermined number of write cycles or by the 
number of cycles less than the predetermined number of write cycles 
5 with an externally input address signal to detect whether the write 
address matches the externally input address signal. The 
semiconductor memory device may further include a control unit (134, 
138 in Fig. 1) for performing control so that write data associated with 
the write address, held at data holding circuits (136, 137 in Fig. 1), 

10 waiting for writing is output to a data output terminal as read data when 
the write address delayed at the write address holding circuit by the 
predetermined number of write cycles or by the number of cycles less 
than the predetermined number of write cycles matches a read address 
externally input this time. 

15 [0023] 

The semiconductor memory device according to the embodiment 
of the present invention preferably includes a timer (128 in Fig. 1) for 
generating a trigger signal defining a refresh cycle and a refresh address 
generation circuit (129 in Fig. 1) for generating a refresh address based 

20 on the trigger signal from the timer, has a self-refresh function, and is 
made to be compatible with an interface for a clock synchronous type 
static random access memory. 
[0024] 

In the semiconductor memory device according to the embodiment 
25 of the present invention, a word line W(E) for normal access is 
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connected to a first X decoder ( 1 1 1 E in Fig. 1) for decoding a row 
address of an externally supplied address, and the word line W(F) for 
refreshing is connected to a second X decoder (11 IF in Fig. 1) for 
decoding a refresh address. The first and second X decoders are 
5 disposed to be opposite to each other with the cell array interposed 
therebetween. The bit line B(E) for normal access is connected to a 
first sense amplifier (113E), the bit line B(F) for refreshing is connected 
to the second sense amplifier (113F) for refreshing, and the first and 
second sense amplifiers are disposed to be opposite to each other with 
10 the cell array interposed therebetween. 
[0025] 

In the semiconductor memory device according to the present 
invention, the row address signal of an externally input read address are 
compared with a refresh address from the refresh address generation 

15 circuit. If they do not match, reading data from a cell selected by the 
read address and the refresh operation on the cell array, selected by the 
refresh address may be performed simultaneously. If they match, the 
refresh operation may be inhibited, thereby performing data reading 
from the cell array, selected by the read address. 

20 [0026] 

In the semiconductor memory device according to the embodiment 
of the present invention, two-port DRAM cells are used. A read/write 
and a refresh can be thereby performed simultaneously. For this reason, 
in the semiconductor memory device according to the embodiment 

25 modes of the present invention, the read/write operation can be 
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continuously performed without interruption caused by the refresh. 
Accordingly, as a ZBT-SRAM compatible semiconductor device, the 
present invention is applicable to communications use as well for which 
specifications capable of performing a continuous read/write operation 
are required. On the other hand, as described before, there is no 
description about use of the two-port DRAM cell in the Patent Document 
1; thus, there is a need to always insert a refresh cycle between read 
write/cycles, so that replacement by a conventional ZBT SRAM for the 
communications use cannot be performed. 
Embodiments 
[0027] 

The embodiments of the present invention described above will be 
described in more detail with reference to drawings. Fig. 1 is a block 
diagram showing a clock synchronous type semiconductor memory 
device according to an embodiment of the present invention. A cell 
array is constituted from a plurality of DRAM cells and is interface 
compatible with a clock synchronous type SRAM compliant with ZBT 
specifications, for example. 

[0028] 

Referring to Fig. 1, in a cell array 100 having a plurality of 
memory cells, each memory cell includes first and second memory cell 
transistors (switch transistors) Trl and Tr2 which are connected in 
series between a bit line B(E) for normal access and a bit line B(F) for 
refreshing and a capacitor element C for data storage. One terminal of 
the capacitor element C is connected to a connection node at which the 
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first and second memory cell transistors Trl and Tr2 are tied, and an 
other terminal of the capacitor element C is connected to, for example, a 
GND potential. Gate terminals of the first and second memory cell 
transistors Trl and Tr2 are connected to a word line W(E) for normal 
5 access and a word line W(F) for refreshing, respectively. 
[0029] 

A first word line W(E) for normal access is connected to a word 
driver (not shown) for an X decoder 111E for decoding a row address 
input to an address terminal from an outside of the semiconductor 
10 memory device. A second word line W(F) for refreshing is connected 
to the word driver (not shown) for an X decoder 111F for decoding a 
column address of a refresh address. 
[0030] 

The two X decoders 111E and 111F are disposed to be opposite to 
15 each other with the cell array 100 interposed therebetween. 
[0031] 

The bit line B(E) for normal access is connected to a sense 
amplifier/pre-charging circuit 113E for an external address, while the 
bit line B(F) for refreshing is connected to a sense amplifier/pre- 
20 charging circuit 113F for a refresh address. The sense amplifiers 113E 
and 113F are disposed to be opposite to each other with the cell array 
100 interposed therebetween. 
[0032] 

An input buffer 121 that receives a clock signal CLK supplied to a 
25 clock terminal of the semiconductor memory device from the outside of 
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the semiconductor memory device outputs an internal clock signal K. 
[0033] 

An input buffer 122 that receives the row address indicated by an 
address signal Add supplied to the address terminal of the 
5 semiconductor memory device from the outside of the semiconductor 
memory device outputs an AddE which is a row address. 

[0034] 

A command determination circuit 127 receives a chip enable 
signal /CE that is active at a LOW level, a load signal /LD signal that is 

10 active at the LOW level, /(R/W) that is active at the LOW level and 
indicates a read at the LOW level and a write at a HIGH level, decodes a 
command, and outputs a read /write command R/W, a write enable signal 
WE2, and clock signals KW and KDIN. A symbol "/" located at a 
position preceding a signal name (or a terminal name) corresponds to a 

15 bar over the signal name (or the terminal name) in the drawing, and 
indicates that the signal is active at the LOW level. 
[0035] 

A timer 128 is a timer that generates a refresh trigger signal for 
defining a refresh cycle. The refresh trigger signal is referred to as a 

20 trigger signal. The timer 128 is composed by a counter not shown. 
The counter composing the timer 128 outputs an overflow signal as the 
trigger signal, every time whenever the counter has counted up a 
predetermined value, automatically accomplishes reset operation, and 
then performs a counting-up operation from "zero". 

25 [0036] 
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A refresh address generation circuit 129 is composed by a counter 
(not shown ) that increments a count value upon reception of the trigger 
signal from the timer 128. The count value is output as a refresh 
address. 
5 [0037] 

A register 130 receives the external address (row address) AddE 
from the input buffer 122 and a refresh address AddF from the refresh 
address generation circuit 129, holds these address, checks whether a 
write address and the refresh address matches with each other or not, 
10 and outputs a check result as a signal HITE. 

[0038] 

The register 130 also holds the write address which is supplied 
externally, supplies to the X decoder 111E an address signal ADE 
delayed by two write cycles for a late write, and supplies a read address 
15 to the X decoder 11 IE without alteration. The register 130 further 
supplies a latched refresh address signal ADF to the X decoder 11 IF for 
refreshing only. 

[0039] 

The register 130 activates a signal HIT1 when a row address 
20 which is input externally matches the row address which was input one 
write cycle earlier and held in the register 130, and activates a signal 
HIT2 when the row address input externally matches the row address 
input two write cycles earlier and held in the register 130. 

[0040] 

25 A refresh control circuit 131 receives from the register 130 (the 
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hit signal HITE indicating the result of determination whether a write 
address matches a refresh address), samples the trigger signal T from the 
timer 128 at a rising edge of the internal clock signal K, for example, to 
generate a refresh control signal FC, and supplies the refresh control 
5 signal FC to the X decoder 11 IF and the sense amplifier/pre-charging 
circuit 113F. 

[0041] 

An R/W control circuit 132 samples the read/write command 
signal R/W from the command determination circuit 127 in response to 

10 the internal clock signal K, and supplies an access control signal EC to 
the X decoder 11 IE and the sense amplifier/pre-charging circuit 113E. 
The X decoder 11 IE activates a selected word line for a predetermined 
period, based on the access control signal EC. Activation of the sense 
amplifier 113E is controlled, based on the access control signal EC. 

15 The sense amplifier/pre-charging circuit 113E pre-charges the bit line 
B(E) before activation of the word line in a read cycle. An input buffer 
123 receives an address signal supplied to the address terminal (not 
shown). A register 133, which receives an output (a column address) of 
the input buffer 123, receives the read/write command signal R/W and 

20 the write control clock signal KW. Then the register 133 delays the 
write address (column address) by two write cycles and then outputs the 
delayed write address, and outputs a read address to a Y decoder 112 
without alteration. 
[0042] 

25 The register 133 activates the signal HIT1 when a column address 
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externally input is the same as the column address supplied one write 
cycle earlier, and activates the signal HIT2 when the column address 
externally input is the same as the column address supplied two write 
cycles earlier. 
5 [0043] 

A HIT determination circuit 134 receives respective signals of the 
signals HIT1 and HIT2 from the registers 130 and 133 and outputs a 
selection control signal to a multiplexer 138 for selecting data to be 
supplied to a circuit that outputs read data. 

10 [0044] 

An output signal (write data) from an input buffer 124 connected 
to an I/O terminal is sampled by a register 136 that uses the clock signal 
KDIN (output from the command determination circuit 127) as a 
sampling clock. The output signal of the register 136 is sampled by a 

15 register 137 that uses the clock signal KDIN as the sampling clock. 
The output signal of the register 137 is sampled by a register 139 that 
uses the clock signal KDIN as the sampling clock. The output signals 
of the registers 136 and 137 are supplied to two respective terminals of 
the multiplexer 138. 

20 [0045] 

The output signals of the registers 136 and 139 are supplied to the 
two respective input terminals of the multiplexer 140. The multiplexer 
140 selects one of the output signals based on the selection control 
signal WE2, and its output signal is supplied to a tri-state buffer 126. 

25 The multiplexer 140 selectively outputs the output signal of the register 
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139 when the write enable signal WE2 is activated (for the late write 
delayed by the two write cycles) and selectively outputs the output 
signal of the register 136 when the write enable signal WE2 is 
deactivated. 
5 [0046] 

When the signals HIT1 from the registers 130 and 133 are both 
activated and the read address is the same as the one for an immediately 
preceding write cycle, the HIT determination circuit 134 performs 
control so that the multiplexer 138 selectively outputs the output of the 
10 register 136. 

[0047] 

When the signals HIT2 from the registers 130 and 133 are both 
activated and the read address is the same as the one two write cycles 
earlier, the HIT determination circuit 134 performs control so that the 
15 multiplexer 138 selects the output of the register 137. 

[0048] 

In other read cycles, the HIT determination circuit 134 performs 
control so that the multiplexer 138 selects read data output onto a data 
bus DBUS via sense the amplifier/pre-charging circuit 113E and a Y 
20 switch (not shown: selected by the Y decoder 112). 

[0049] 

The tri-state buffer 126 is enabled for output when the R/W signal 
indicates a write operation, and the output of the tri-state buffer 126 is 
set to a high impedance state when the R/W signal indicates a read 
25 operation. 
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[0050] 

The output of the tri-state buffer 126 is connected to the data bus 
DBUS, and write data is supplied to the Y decoder 112 through the data 
bus DBUS. 
5 [0051] 

The data bus DBUS between the Y decoder 112 and the tri-state 
buffer 126 is connected to the multiplexer 138. As described before, 
the multiplexer 138 controls selection among three signals supplied to 
the multiplexer 138 as inputs, based on the selection control signal from 
10 the HIT determination circuit 134. 

[0052] 

The output of the multiplexer 138 is supplied to a register 135, 
and is sampled by the register 135 with the internal clock signal K. 
The output of the register 135 is output from the I/O terminal via an 
15 output buffer 125 composed by a tri-state buffer that is made output- 
enabled when the R/W signal indicates a read operation. 

[0053] 

An overview of an operation of the present embodiment will be 
described. The register 130 compares a refresh address from the 

20 refresh address generation circuit 129 with a write address output from 
the input buffer 122 two write cycle earlier and held in the register 130. 
If the refresh address matches the write address, the signal HITE is 
activated. If a mismatch has been detected, the signal HITE is 
deactivated. 

25 [0054] 
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The refresh control circuit 131 activates the refresh control signal 
FC when the signal HITE from the register 130 is deactivated (or more 
specifically, when any one of m row addresses does not match the 
refresh address signal). The R/W control circuit 132 activates the 
5 control signal EC in response to a read or write command. The 
operation of writing data to a memory cell with the write address which 
has been supplied two write cycles earlier and the operation of 
refreshing the memory cell by using the X decoder for refreshing, the bit 
line B(F), and the sense amplifier SA/PC(F) 113F are simultaneously 

10 performed. The data associated with the write address is input from the 
I/O terminal two write cycles earlier, output from the register 139, and 
supplied to the Y decoder 112 through the multiplexer 140, buffer 126, 
and the data bus DBUS. The operation of writing the data is performed 
by using the X decoder 111E, bit line B(E), and sense amplifier (write 

15 amplifier) SA/PC (113E). 
[0055] 

As described before, the register 130 makes the HIT1 or the HIT2 
active when a write address (row address) externally input one or two 
write cycles earlier and held in the register 130 matches an externally 
20 input address (row address). The register 133 makes the HITI or the 
HIT2 active when a write address (column address) externally input one 
or two write cycles earlier and held in the register 133 matches an 
externally input address (column address). 

[0056] 

25 When the HITI and the HIT2 from the registers 130 and 133 are 
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deactivated, the HIT determination circuit 134 causes the multiplexer 
138 to selectively output read data output onto the data bus DBUS. The 
output of the multiplexer 138 is latched by the register 135 and output to 
the I/O terminal through the output buffer 125. 
5 [0057] 

When row and column addresses for a write address input one or 
two write cycles earlier match the row and column addresses for a read 
address externally input, the HIT1 or the HIT2 from the registers 130 
and 133 are activated. 
10 [0058] 

When the signal HIT1 is activated, the multiplexer 138 selects 
write data held in the register 136 as read data. On the other hand, 
when the signal HIT2 is activated, the multiplexer 138 selects write data 
held in the register 137 as the read data. The output of the multiplexer 
15 138 is latched by the register 135 and output to the I/O terminal through 
the output buffer 125. 

[0059] 

Some examples of a configuration of the register 130 in Fig. 1 
will be described below. Fig. 2 is a block diagram showing an example 
20 of the configuration of the register 130 in Fig. 1. 
[0060] 

Referring to Fig. 2, the register 130 includes latch circuits 300, 
301, 302, 303, 304, 305, and 310, and a multiplexer 306. The latch 
circuit 300 samples the external address AddE at the rising edge of the 
25 internal clock signal K. The latch circuit 301 samples the refresh 



27 

address AddF at the rising edge of the internal clock signal K. The 
latch circuit 302 samples the output signal of the latch circuit 300 at an 
edge of falling of the write control clock signal KW (that occurs during 
a same cycle as for rising of the internal clock signal K). The latch 
5 circuit 303 samples the output signal of the latch circuit 302 at the edge 
of rising of the write control clock signal KW (in a next write cycle after 
falling of the clock signal KW). The latch circuit 304 samples the 
output signal of the latch circuit 303 at the falling edge of the write 
control clock signal KW. The latch circuit 305 samples the output 

10 signal of the latch circuit 304 at the rising edge of the write control 
clock signal KW. The multiplexer 306 receives the output signals of 
the latch circuits 300 and 305, selects the output signal of the latch 
circuit 300 when the R/W signal indicates a read operation, and selects 
the output signal of the latch circuit 305 when the R/W signal indicates a 

15 write operation. The latch circuit 310 samples the output signal of the 
multiplexer 306 at the falling edge of the internal clock signal K. 
[0061] 

The output of the latch circuit 310 is supplied to the X decoder 
111E as the external address signal ADE. The register 130 further 
20 includes a latch circuit 311 that samples the output signal of the latch 
circuit 301 at the falling edge of the internal clock signal K. The 
output of the latch circuit 311 is supplied to X decoder the 111F for 
refreshing as the refresh address signal ADF. 

[0062] 

25 Referring to Fig. 2, the register 130 (refer to Fig. 1) further 
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includes match detection circuits 307, 308, and 309, and latch circuits 
312, 313, and 314 that sample the respective output signals of the match 
detection circuits 307, 308, and 309 at the falling edge of the internal 
clock signal K. 
5 [0063] 

The match detection circuit 307 compares the output signal of the 
latch circuit 301 for latching the refresh address AddF with the output 
signal of the multiplexer 306 to detect whether they match with each 
other. When the match has been detected, the match detection circuit 
10 307 outputs the LOW level. In this embodiment, the match detection 
circuit is constituted from a two-input exclusive OR gate. 
[0064] 

The match detection circuit 308 compares the output signal of the 
latch circuit 300 for latching the external address with the output signal 
15 of the latch circuit 302 for sampling the output signal of the latch circuit 
300 at the falling edge of the write control clock signal KW to detect 
whether they match with each other or not. When the match has been 
detected, the match detection circuit 308 outputs the LOW level. 
[0065] 

20 The match detection circuit 309 compares the output signal of the 

latch circuit 300 with the output of the latch circuit 304 (the write 
address two cycles earlier) to detect whether the output signal matches 
the output or not. When the match has been detected, the match 
detection circuit 309 outputs the LOW level. 

25 [0066] 
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The outputs of the latch circuits 312, 313, and 314 are output as 
the signals HITE, HIT1, and HIT2. 
[0067] 

The latch circuits 300 and 301 latch the address AddE and the 
5 refresh address AddF, respectively, at an edge of the internal clock 
signal K rising from the LOW to the HIGH level. The latch circuits 
310 to 314 at an output stage latch their respective inputs at an edge of 
the internal clock signal K falling from the HIGH level to the LOW level 
during the same cycle to output the latched address. 

10 [0068] 

In this case, a pair of the two latch circuits 302 and 303 and a pair 
of the two latch circuits 304 and 305, of which the latch circuits 302 and 
304 sample data at the falling edge of the clock signal (KW) for write 
control and the latch circuits 303 and 305 sample data at the rising edge 

15 of the clock signal (KW) for write control, function as a write address 
holding circuit (also referred to as a "late-write register") for timing 
adjustment, which delays the write address by two write cycles 
according to specifications for the late write. The latch circuit 305 at a 
final stage which constitutes the write address holding circuit outputs 

20 the write address to the multiplexer at the rise of the clock signal KW 
for write control, at a point in time delayed by two write cycles after the 
write address has been sampled at the latch circuit 300. 
[0069] 

Next, an operation of the register (indicated by reference numeral 
25 130 in Fig. 1) shown in Fig. 2 will be described. At a time of a read 
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operation, the R/W signal indicates a read, and at the multiplexer 306 
that receives the R/W signal as the selection control signal, the output 
signal of the latch circuit 300 is selected, and the row address signal 
ADE is supplied from the latch circuit 310. Further, the output signal 
5 of the latch circuit 311 that latches the output signal of the latch circuit 
301 at the falling edge of the internal clock signal K is output as the 
refresh address ADF. The latch circuit 301 samples the refresh address 
AddF at the rise of the internal clock signal K. As described before, 
latching and output of the refresh address AddF by the latch circuits 301 

10 and 311 are performed at the rise and fall of pulses of the internal clock 
signal K during the same cycle. At the time of the read operation, 
clock pulses of the clock signal KW are not generated (and the clock 
signal is kept at the LOW level, for example), and the output of the latch 
circuit 300 is not transferred to the four latch circuits 302, 303, 303, and 

15 305. 

[0070] 

At the time of a write operation, the R/W signal indicates a write 
operation, and at the multiplexer 306 that receives the R/W signal as the 
selection control signal, the output signal of the latch circuit 305 is 

20 selected, and the row address signal ADE is supplied from the latch 
circuit 310. Further, the output signal of the latch circuit 311 that 
latches the output signal of the latch circuit 301 at the falling edge of 
the internal clock signal K is output as the refresh address ADF. The 
latch circuit 301 samples the refresh address AddF at the rise of the 

25 internal clock signal K. 
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[0071] 

The match detection circuit 307 compares the output signal of the 
latch circuit 301 with the output signal of the multiplexer 306 (which is 
the output of the latch circuit 300 in case of a read operation, and is the 
5 output of the latch circuit 305 in case of a write operation) to detect 
whether they match or not. If the match has been detected, the match 
detection circuit 307 outputs the LOW level. If a mismatch has been 
detected, the match detection circuit 307 outputs the HIGH level. 
[0072] 

10 The match detection circuit 308 compares the output of the latch 

circuit 302 (write address one write cycle earlier) with the output of the 
latch circuit 300 (address input during a current cycle) to detect whether 
they match or not. If the match has been detected, the match detection 
circuit 308 outputs the LOW level. If a mismatch has been detected, 

15 the match detection circuit 308 outputs the HIGH level. 
[0073] 

The match detection circuit 309 compares the output of the latch 
circuit 304 (write address two write cycles earlier) with the output of the 
latch circuit 300 (address during the current cycle) to detect whether 
20 they match or not. If the match has been detected, the match detection 
circuit 309 outputs the LOW level. If a mismatch has been detected, 
the match detection circuit 309 outputs the HIGH level. 
[0074] 

In Fig. 2, each address signal supplied to the latch circuits 300 to 
25 305, 310 to 314, match detection circuits 307 to 309, and the multiplexer 
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306, are drawn as a single signal line only for simplicity. However, 
signal lines, the number of which corresponds to a bit width of the row 
address (such as m signal lines) are respectively supplied to these 
circuits. The same holds true in Figs. 3, 5, and 8, which will be 
5 described later. 

[0075] 

Fig. 3 is a block diagram showing an example of the configuration 
of the register 133 in Fig. 1 for latching a column address to provided 
latched address to the Y decoder 112. Referring to Fig. 3, the register 

10 133 includes latch circuits 370, 371, 372, 373, 374, 376, 379, and 380, a 
multiplexer 375, and match detection circuits 377 and 378. The latch 
circuit 370 samples the external address Add at the rising edge of the 
internal clock signal K. The latch circuit 371 samples the output signal 
of the latch circuit 370 at the falling edge of the write control clock 

15 signal KW. The latch circuit 372 latches the output signal of the latch 
circuit 371 at the rising edge of the write control clock signal KW. The 
latch circuit 373 samples the output signal of the latch circuit 372 at the 
falling edge of the write control clock signal KW. The latch circuit 374 
samples the output signal of the latch circuit 373 at the rising edge of 

20 the write control clock signal KW. The multiplexer 375 receives the 
output signals of the latch circuits 370 and 374, selects the output signal 
of the latch circuit 370 when the R/W signal indicates a read operation, 
and selects the output signal of the latch circuit 374 when the R/W 
signal indicates a write operation. The latch circuit 376 samples the 

25 output signal of the multiplexer 375 at the falling edge of the internal 
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clock signal K. The output signal of the latch circuit 376 is supplied to 
the Y decoder (indicated by reference numeral 112 in Fig. 1) as the 
external address signal (column address). The match detection circuit 
377 compares the output signal of the latch circuit 370 with the output 
5 of the latch circuit 371 to detect whether they match or not. If the 
match has been detected, the match detection circuit 377 outputs the 
LOW level. The match detection circuit 378 compares the output 
signal of the latch circuit 370 with the output of the latch circuit 373 to 
detect whether they match or not. If the match has been detected, the 
10 match detection circuit 378 outputs the LOW level. The latch circuits 
379 and 380 sample the output signals of the match detection circuits 
377 and 378 at the falling edge of the internal clock signal K to output 
as the HITI and the HIT2, respectively. 
[0076] 

15 The register 133 is configured by omitting the latch circuits 

(indicated by reference numerals 301 and 311 in Fig. 2) for latching the 
refresh address signal and the circuits (indicated by reference numerals 
307 and 312 in Fig. 2) for detecting whether the refresh address matches 
the output of the multiplexer 306 in the register 130 shown in Fig. 2. 

20 [0077] 

An operation of the register (indicated by reference numeral 133 
in Fig. 1) shown in Fig. 3 will be described. At the time of a reading 
operation, the R/W signal indicates a read operation, and at the 
multiplexer 375 that receives the R/W signal as the selection control 

25 signal, the output signal of the latch circuit 370 is selected, and the 
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column address signal ADE is supplied from the latch circuit 376. 
Further, at the time of the read operation, no clock pulse of the clock 
signal KW is generated, so that the output of the latch circuit 370 is not 
transferred to the four latch circuits 371, 372, 373, and 374. 
5 [0078] 

At the time of a write operation, the R/W signal indicates a write 
operation. At the multiplexer 375 that receives the R/W signal as the 
selection control signal, the output signal of the latch circuit 374 is 
selected, and the address signal (column address) ADE is supplied from 
10 the latch circuit 376. 

[0079] 

The match detection circuit 377 compares the output of the latch 
circuit 371 (write address one write cycle earlier) with the output of the 
latch circuit 370 (address input during the current cycle) to detect 
15 whether they match or not. If the match has been detected, the match 
detection circuit 377 outputs the LOW level. If a mismatch has been 
detected, the match detection circuit 377 outputs the HIGH level. 

[0080] 

The match detection circuit 378 compares the output of the latch 
20 circuit 373 (write address two write cycles earlier) with the output of the 
latch circuit 370 (address input during the current cycle) to detect 
whether they match or not. If the match has been detected, the match 
detection circuit 378 outputs the LOW level. If a mismatch has been 
detected, the match detection circuit 378 outputs the HIGH level. 
25 [0081] 
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Fig. 4 is a timing diagram for explaining the operation of the 
semiconductor memory device shown in Fig. 1. Referring to Fig. 4, 
AddE denotes the output of the input buffer 122, CLK/K denotes a clock 
input to the input buffer 121 or a clock output from the input buffer 121, 
5 (which is the internal clock signal), ADE denotes the output of the 
register 130, AddF denotes the output of the refresh address generation 
circuit 129, ADF denotes the refresh address output from the register 
130, and HITE is the signal (hit signal) indicating detection of a match, 
output from the register 130. EC denotes a usual access control signal, 

10 FC denotes the refresh control signal, W(E) denotes a word line for 
normal access, B(E) denotes a bit line for normal access, SE(E) denotes 
a sense enable signal for the sense amplifier 113E (in Fig. 1) for normal 
access, W(F) denotes a word line for refreshing only, B(F) denotes a bit 
line for refreshing, and SE(F) denotes the sense enable signal for the 

15 sense amplifier 113F for refreshing (in Fig. 1). 
[0082] 

It is assumed that a write cycle is performed when the external 
row address is AO, Al, A2, or so on. The refresh address is assumed to 
be An-1, An, or so on. 
20 [0083] 

When the signal HITE is LOW (when the refresh address AddF 
matches the write address AddE input two write cycles earlier or the 
read address AddE during the current cycle), the refresh control signal 
FC is not activated, and the normal access control signal EC is activated. 
25 The word line W(E) is thus activated, and activation of a sense amplifier 
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SE(E) (a write amplifier not shown) is performed. Since the refresh 
control signal FC is not activated, refresh by activation of a sense 
amplifier SE(F) is not performed at a core port of a refreshing port. 
[0084] 

5 When the external row address Al is not equal to the (refresh 

address) An, the signal HITE is set to the HIGH level, which is indicated 
by a symbol "*". The normal access control signal EC is activated, the 
word line W(E) is activated, and a read by the sense amplifier SE(E) 
connected to the bit line B(E) (a write by the write amplifier at the time 

10 of writing) is performed at the core port for reading or writing. The 
refresh control signal FC is activated, (which is indicated by the symbol 
"*" and in this embodiment, corresponds to the HIGH level). The word 
line W(F) is activated, and a refresh by the sense amplifier SE(F) is 
performed at the core port of the refreshing port. 

15 [0085] 

If activation of the sense amplifier SE(E) precedes activation of 
the sense amplifier SE(F), the activation of the sense amplifier SE(E) 
leads to power supply noise, thereby to adversely affect the bit line B(F) 
before the activation of the sense amplifier SE(F). On the contrary, if 

20 the activation of the sense amplifier SE(F) precedes the activation of the 
sense amplifier SE(E), the activation of the sense amplifier SE(F) leads 
to the power supply noise. The power supply noise propagates through 
a potential of the bit line B(E), thereby to adversely affect the bit line 
B(E). Accordingly, in the present embodiment, the internal clock 

25 signal K input to the refresh control circuit 131 and the R/W control 
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circuit 132 performs control so that the activation of the sense 
amplifiers SE(E) and SE(F) is simultaneously started. 
[0086] 

Fig. 5 is a block diagram showing another configuration of the 
5 register 130 in Fig. 1. Referring to Fig. 5, this register includes a latch 
circuit 320 for sampling the external address AddE at the rising edge of 
the internal clock signal K, a latch circuit 329 for sampling the output 
signal of the latch circuit 320 at the falling edge of the internal clock 
signal K, a register circuit (latch) 321 for sampling the refresh address 

10 AddF at the rising edge of the internal clock signal K, a latch circuit 322 
for sampling the output signal of the latch circuit 320 at the falling edge 
of the write control clock signal KW, a latch circuit 323 for sampling the 
output signal of the latch circuit 322 at the rising edge of the write 
control clock signal KW, a latch circuit 324 for sampling the output 

15 signal of the latch circuit 323 at the falling edge of the write control 
clock signal KW, and the latch circuit 325 for sampling the output signal 
of the latch circuit 324 at the rising edge of the write control clock 
signal KW. The register includes a multiplexer 326 that receives the 
output signals of the latch circuits 320 and 325, for selecting the output 

20 signal of the latch circuit 320 when the R/W signal indicates a read 
operation and selecting the output signal of the latch circuit 325 when 
the R/W signal indicates a write operation, an inverter 327 for inverting 
the output signal of the multiplexer 326 for supply, an inverter 328 for 
inverting the output signal of the inverter 327 to the inverted signal to 

25 the input of the inverter 327, and an inverter(a driver) 333 for inverting 
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the output signal of the inverter 327 to output the address signal ADE. 
The inverters 327 and 328 constitute a flip-flop. 
[0087] 

The output signal ADE of an inverter 333 is supplied to the X 
5 decoder 11 IE. The output of the register 321 is supplied to the X 
decoder 111F for refreshing as the refresh address signal ADF. 
[0088] 

This register further includes match detection circuits 330, 331, 
and 332. The match detection circuit 332 compares the output signal of 
10 the latch circuit 324 with the output signal of the latch circuit 321 to 
detect whether they match or not. If the match has been detected, the 
signal HITE is activated (set to the LOW level) and supplied. If a 
mismatch has been detected, the signal HITE at the HIGH level is 
output. 
15 [0089] 

The match detection circuit 330 compares the output signal of the 
latch circuit 329 with the output of the latch circuit 322 to detect 
whether they match or not. If the match has been detected, the signal 
HITI is activated and the signal HITI at the LOW level is output. If a 
20 mismatch has been detected, the signal HITI at the HIGH level is output. 
[0090] 

The match detection circuit 331 compares the output signal of the 
latch circuit 329 with the output of the latch circuit 324 (write address 
two write cycles earlier) to detect whether they match or not. The 
25 signal HIT2 is activated (set to the LOW level) for supply. If a 
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mismatch has been detected, the signal HIT2 at the HIGH level is output. 
[0091] 

A pair of the two latch circuits 322 and 323 and a pair of the two 
latch circuits 324 and 325, of which the latch circuits 322 and 324 
5 sample data at the falling edge of the clock signal (KW) for write 
control and the latch circuits 323 and 325 sample data at the rising edge 
of the clock signal (KW) for write control, function as the write address 
holding circuit which delays a write address by two write cycles 
according to the specifications for the late write. The latch circuit 325 

10 at the final stage which constitutes the write address holding circuit 
outputs the write address to the multiplexer 326 at the rise of the clock 
signal KW for write control, at a timing delayed by two write cycles 
after the write address has been sampled at the latch circuit 320. The 
refresh address from the register 321 and the output signal of the latch 

15 circuit 324 for outputting the address at the falling edge of the write 
clock signal in the write cycle subsequent to the cycle where the address 
AddE has been supplied to the latch circuit 320 (at a time point before 
two write cycles have elapsed since input of the write address) are 
supplied to the match detection circuit 332 to make comparison between 

20 them to detect whether these addresses match or not. 
[0092] 

If the write address two write cycles earlier has matched the 
refresh address, the signal HITE to the refresh control circuit 131 in Fig. 
1 is set to the LOW level, thereby to stop a refresh operation. In other 
25 words, the refresh control circuit 131 that receives the signal HITE 
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deactivates the refresh control signal FC, thereby to stop the refresh 
operation. 

[0093] 

Differing from the register 130 shown in Fig. 2, the signal HITE 
5 from the register in the present embodiment indicates the result of 
detection showing that the output signal of the latch circuit 324 placed 
at a stage in front of the multiplexer 326 matches the refresh address. 
In this embodiment, comparison for determination of whether a refresh 
address matches a write address is made before the cycle of a write 
10 operation on the cell array is started. If the refresh address matches 
the write address two write cycles earlier, refresh is stopped. If the 
match has been detected, the write operation and the refresh operation 
are simultaneously performed. 
[0094] 

15 Fig. 6 is a block diagram showing an example of the configuration 

of the refresh control circuit 131 in Fig. 1. Referring to Fig. 6, this 
refresh control circuit includes a logic gate 401 for receiving a write 
enable/WE (being active at the LOW level) and the HITE signals, the 
number of which corresponds to the bit number m of the row address 

20 signal (from AO to Am), from the register shown in Fig. 5 to output the 
result of an OR operation on these input signals, and a register 402 
which samples the refresh trigger signal T output from the timer 128 
using the internal clock signal K as sampling clock. 
[0095] 

25 The refresh control circuit 131 includes a logic gate 403 for 
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receiving the output signals of the logic gate 401 and the register 402 
and outputting the result of an AND operation of the two input signals, 
and a control pulse generation circuit 404 for receiving an output signal 
A of the logic gate 403 and outputting the refresh control signal FC 
5 (one-shot pulse) at the rising edge of the internal clock signal K when 
the output signal A of the logic gate 403 indicates a value commanding a 
refresh. 

[0096] 

The logic gate 401 outputs the LOW level only when the input 

10 signals are all LOW, that is, only when the write enable/WE are LOW 
and the signals HITE the number of which corresponds to the bit number 
m of the row address signal (from AO to Am) are all at the LOW level 
(indicating matches), and outputs the HIGH level for other combinations 
of logic levels of the input signals. The logic gate 403 instructs the 

15 control pulse generation circuit 404 to perform control so that the 
refresh operation on the refresh address is inhibited in a case where the 
output signal of the logic gate 401 is LOW when the refresh trigger 
signal sampled by the register 402 in response to the internal clock 
signal K is HIGH (even when a refresh request has been made) (or when 

20 the write enable/WE are LOW and the row address signal of the write 
address match the refresh address); that is, 

(a) In the cycle where the refresh trigger signal T is not generated, 
the LOW level is output from the register 402, the output signal A of the 
logic gate 403 is set to the LOW level, so that the control pulse 

25 generation circuit 404 deactivates the refresh control signal FC (to be 
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LOW, for example). 
[0097] 

(b) When the refresh trigger signal T is generated, when the HIGH 
level is output from the register 402, and when the LOW level is output 
5 from the logic gate 401 (when the signal/WE is LOW and the HITEs are 
all LOW), the output signal A of the logic gate 403 is set to the LOW 
level, so that the control pulse generation circuit 404 deactivates the 
refresh control signal FC (to be LOW, for example). 
[0098] 

10 (c) When the refresh trigger signal T is generated, when the HIGH 

level is output from the register 402, and when the HIGH level is output 
from the logic gate 401 (when the signal/WE is HIGH or at least one of 
the HITEs is HIGH), the output signal A of the logic gate 403 is set to 
the HIGH level, so that the control pulse generation circuit 404 activates 

15 the refresh control signal FC (to be HIGH, for example). 
[0099] 

In Fig. 6, for a description purpose, the match detection circuit 
(indicated by reference numeral 332 in Fig. 5) for detecting that the 
refresh address matches the write address input at a time corresponding 

20 to two write cycles earlier is assumed to be an exclusive OR for 
inputting two bits, and to include m match detection circuits for the bit 
number m of the row address signal (AO to Am) for outputting m HITE 
signals. On the other hand, if the match detection circuit 332 in Fig. 5 
is configured to compare the write address of m bits output from the 

25 latch circuit 324 in parallel with the refresh address of m bits output in 
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parallel from the register 321 to detect whether they match, for output of 
the one-bit signal HITE, the logic gate 401 in Fig. 6 is replaced by a 
two-input OR circuit that receives the /WE and the signal HITE. 
[0100] 

5 In the configuration shown in Fig. 6, determination as to a write 

address output from the register for the late write (latch circuit 324) and 
a refresh address input to the register 321, which was described with 
reference to Fig. 5, is made one cycle earlier and is indicated by the 
HITE signal input to the logic gate 401, thereby to hide a delay of the 

10 signal HITE on a signal path (a comparison time between the external 
address and the refresh address). In other words, the signal path from 
the rise of the internal clock signal K to the rise of the refresh control 
signal FC is made faster (or a propagation delay time of the signal is 
shortened). 

15 [0101] 

Fig. 7 is a timing diagram for explaining an operation of the fresh 
control circuit shown in Fig. 6. Fig. 7 shows the cases where the signal 
HITE is set to the HIGH level (indicating that the row address of a write 
address does not match the refresh address) and the signal HITE is set to 

20 the LOW level (indicating that the row address of the write address 
matches the refresh address) in a cycle immediately before the writing 
operation on the cell array (in the Write Cycle) is disclosed, using solid 
lines and broken lines. 
[0102] 

25 In the Read Cycle, the output signal A of the logic gate 403 is 
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kept LOW at the rise of the internal clock signal K, so that the refresh 
control signal FC output from the control pulse generation circuit 405 
remains LOW. 
[0103] 

5 When the /WE signal is LOW and all of m signals HITE for the 

address from AO to Am are LOW at the rise of the internal clock signal K 
in the Write Cycle (the write address two cycles earlier matches the 
refresh address), the output of the logic gate 401 goes LOW, and a node 
A for the output of the logic gate 403 goes LOW. At this point, the 

10 refresh control signal output from the control pulse generation circuit 
404 is set to the LOW level; thus, a refresh is not performed (refer to "*" 
in the Write Cycle in Fig. 7). Referring to Fig. 7, "*" in the HITE, 
node A, and FC indicates the case where the write row address has hit 
the refresh address (HITE = LOW level), and associated broken lines 

15 show respective signal waveforms. 
[0104] 

When the signal HITE for at least one address of the row address 
from AO to Am is HIGH (indicating a mismatch), the node A for the 
output of the logic gate 403 goes HIGH at the rise of the internal clock 
20 signal K in the Write Cycle. The refresh control signal FC output from 
the control pulse generation circuit 404 is then set to the HIGH level and 
hence the refresh operation is performed. 

[0105] 

Incidentally, a configuration that excludes the register 321 for 
25 receiving the refresh address AddF and the match detection circuit 332 
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in the register shown in Fig. 5 may also be employed as the register 133 
in Fig. 1 . 

[0106] 

Fig. 8 is a block diagram showing still another configuration of 
5 the register 130 in Fig. 1. Referring to Fig. 8, this register includes a 
latch circuit 340 for sampling the external address AddE at the rising 
edge of the internal clock signal K, a latch circuit 348 for sampling the 
output signal of the latch circuit 340 at the falling edge of the internal 
clock signal K, a register circuit (latch circuit) 356 for sampling the 

10 refresh address AddF at the rising edge of the internal clock signal K, a 
latch circuit 341 for latching the output signal of the latch circuit 340 at 
the falling edge of the write control clock signal KW, a latch circuit 342 
for sampling the output signal of the latch circuit 341 at the rising edge 
of the write control clock signal KW, a latch circuit 343 for latching the 

15 output signal of the latch circuit 342 at the falling edge of the write 
control clock signal KW, and a latch circuit 344 for sampling the output 
signal of the latch circuit 343 at the rising edge of the write control 
clock signal KW. The register includes a multiplexer 345 that receives 
the output signals of the latch circuits 340 and 344, for selecting the 

20 output signal of the latch circuit 340 when the R/W signal indicates a 
read operation and selecting the output signal of the latch circuit 344 
when the R/W signal indicates a write operation, an inverter 346 for 
inverting the output signal of the multiplexer 345 for supply, an inverter 
347 for inverting the output signal of the inverter 346 to output the 

25 inverted signal to the input terminal of the inverter 346, and an 
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inverter(driver) 358 for inverting the output signal of the inverter 346 
for supply as the address signal ADE. The inverters 346 and 347 
constitute a flip-flop. 
[0107] 

5 The output signal ADE of the inverter 358 is supplied to the X 

decoder 111E. The output signal of the register 356 is supplied to the 
X decoder 111F for refreshing as the refresh address signal ADF. 
[0108] 

This register further includes match detection circuits 349 and 
10 350. The match detection circuit 349 compares the output signal of the 
latch circuit 348 with the output signal of the register 341 to detect 
whether they match or not. If the match has been detected, the match 
detection circuit 349 activates the signal HIT1 (to be set to the LOW 
level), for supply. The match detection circuit 350 compares the output 
15 signal of the latch circuit 348 with the output signal of the register 343 
to detect whether they match or not. If the match has been detected, 
the match detection circuit 350 activates the signal HIT2 (to be set to 
the LOW level), for supply. 
[0109] 

20 This register includes a match detection circuit 351 for a read, 

which receives the external address AddE and the refresh address AddF. 
If the external address AddE has matched the refresh address AddF, the 
match detection circuit 351 outputs the LOW level. 
[0110] 

25 This register includes a match detection circuit 352 which 
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receives the output signal of the latch circuit 343 and the refresh address 
AddF. If the output signal of the latch circuit 343 has matched the 
refresh address AddF, the match detection circuit 352 outputs the LOW 
level. 
5 [0111] 

An output terminal of the match detection circuit 351 is connected 
to one end of a pass transistor 353 constituted from a PMOS transistor. 
The output terminal of the match detection circuit 352 is connected to 
one end of a pass transistor 354 constituted from an NMOS transistor 

10 354. A connection point between the pass transistors 353 and 354 is 
connected to the register 357. The PMOS transistor 353 receives the 
R/W signal at its gate terminal, is turned on when the R/W signal is 
LOW (for a read), and transmits the output signal of the match detection 
circuit 351 for reading to the register 357. 

15 [0112] 

The NMOS transistor 354 receives the R/W signal at its gate 
terminal, is turned on when the R/W signal is HIGH (for a write), and 
transmits the output signal of the match detection circuit 352 to the 
register 357. 

20 [0113] 

The register 357 samples a signal voltage at the connection node 
at which the PMOS transistor 353 and the NMOS transistor 354 are tied 
using the internal clock signal K as a sampling clock to output the 
sampled signal as the signal HITE. 

25 [0114] 
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Determination as to an input (B) of the external address AddE and 
the refresh address AddF is made at the match detection circuit 351 in a 
stage in front of the register 357 driven by the internal clock signal K. 
Then, the result of the determination for reading or writing is selected 
5 by the R/W signal and is captured by the register 357 in response to the 
internal clock signal K. Since a match between the refresh address 
AddF and the external address AddE can be determined before the rise of 
the internal clock signal K, a high-speed operation is achieved. 
[0115] 

10 The register which is obtained by excluding from the circuit 

configuration shown in Fig. 8, the register 356, match detection circuit 
351 for reading, match detection circuit 352 for writing, pass transistors 
353 and 354, and register 357 may compose the register 133 in Fig. 1. 
[0116] 

15 Fig. 9 is a timing diagram for explaining the operation of a high- 

speed SRAM compliant with the ZBT specifications to which the 
semiconductor memory device having two-port DRAM cells described 
above has been applied. Referring to Fig. 9, a CLK denotes the clock 
signal in Fig. 1, an Add denotes the address Add externally supplied to 

20 the address terminal in Fig. 1, the R/W denotes the read/write signal 
R/W in Fig. 1, "R" indicates a read, and "W" indicates a write. I/O 
indicates data at the I/O terminal in Fig. 1, Word indicates a word line 
for the cell array, and Read From or Write To Cell indicates reading from 
or writing to the cell array. 

25 [0117] 
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Two cycles from timings tO and tl, during which the external 
addresses AO and A2 are supplied to the address terminal, are read 
cycles for the cell array, respectively (with the R/W signal being LOW). 

[0118] 

5 Three cycles from timings t2, t4, and t5, during which external 

addresses A3, A4, and A5 are supplied to the address terminal, are write 
cycles for the cell array, respectively (with the R/W signal being HIGH). 
[0119] 

Two cycles from timings t6 and t7, during which external 
10 addresses A6 and A7 are supplied to the address terminal, are read 
cycles for the cell array (with the R/W signal being LOW). 
[0120] 

Read data Q0 and Q2 from the cell array (read data from the 
memory cells at the addresses AO and A2) are output at the timings t2 
15 and t4 (refer to "Data Out" in the "I/O" in Fig. 9) from the I/O terminal. 
Output of the read data from the I/O terminal is delayed by one cycle 
from input of the read address. 

[0121] 

Write data Q3, Q4, and Q5 are input from the I/O terminal at the 
20 timings t5, t6, and t7 (refer to "Data In" in the I/O in Fig. 9). At a 
timing t8, read data Q6 (data read out from the address A6 at the timing 
t6) is output from the I/O terminal. 

[0122] 

The "Word" in Fig. 9 corresponds to the normal word line W(E) in 
25 Fig. 1. The AO and A2 in the "Word" indicate that the word lines 
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associated with the addresses AO and A2 are selected. The "Read" 
indicates that a read from a cell is performed. More specifically, as the 
operation of the cell array, the word lines for the addresses AO and A2 
are selected at the timings tO and tl, respectively, and the cell data QO 
5 and Q2 are read out from the cells, respectively. 
[0123] 

At the timings t2 and t4, write addresses A w _ 2 and A w ^ in cycles 
preceding a write cycle t2 by two write cycles, which are not shown in 
Fig. 9, are selected, so that Data D w2 and D wl are written to the cells, 
10 respectively (for late writes). 

[0124] 

At the timing t5, the address A3 two write cycles earlier is 
selected (for a late write), so that D3 is written to the cell. 
[0125] 

15 At the timings t6 and t7, the addresses A6 and A7 are selected, so 

that the cell data Q6 and cell data Q7 are read out from the cells. As 
shown in Fig. 9, a pipeline burst operation is performed: a read/write 
operation from address input to data input/output is delayed by 1/2 clock 
cycle. No dead cycle exists for a data bus at a time of switching the 

20 read/write operation. Use in the maximum memory bandwidth is 
thereby enabled, thus achieving the high-speed operation. 
[0126] 

Another embodiment of the present invention will be also 
described below. Fig. 10 is a block diagram showing other 
25 configuration of the register 130 in Fig. 1, for a one-stage late write. 
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Referring to Fig. 10, this register includes a latch circuit 360 for 
sampling the external address AddE at the rising edge of the internal 
clock signal K from the LOW level to the HIGH level, a latch circuit 366 
for sampling the output signal of the latch circuit 360 at the falling edge 
5 of the internal clock signal K from the HIGH level to the LOW level, a 
register (latch circuit) 368 for sampling the refresh address AddF at the 
rising edge of the internal clock signal K, a latch circuit 361 for latching 
the output signal of the latch circuit 360 at the falling edge of the write 
control clock signal KW (at the rise of the internal clock signal K 

10 constituting a sampling signal for the latch circuit 360 and at the fall of 
the clock signal KW in the same cycle), a latch circuit 362 for latching 
the output signal of the latch circuit 361 at the rising edge of the write 
control clock signal KW (at the rise of the clock signal KW in the write 
cycle subsequent to the cycle in which latching has been performed by 

15 the latch circuit 360), a multiplexer 363 that receives the output signals 
of the latch circuits 360 and 362, for selecting the output signal of the 
latch circuit 360 when the R/W signal indicates a read and selecting the 
output signal of the latch circuit 362 when the R/W signal indicates a 
write, an inverter 364 for inverting the output signal of the multiplexer 

20 363 for supply, an inverter 365 for inverting the output signal of the 
inverter 364 to provide the inverted signal to the inverter 364, and an 
inverter 370 for inverting the output signal of the inverter 364 to output 
the inverted signal as the output signal ADE. The inverters 364 and 
365 constitute a flip-flop. 

25 [0127] 
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The output signal ADE of the inverter 370 is supplied to X 
decoder 11 IE. The output signal of the register 368 is supplied to the 
X decoder 111F for refreshing as the refresh address signal ADF. 

[0128] 

5 Referring to Fig. 10, this register further includes match 

detection circuits 367 and 369. The match detection circuit 369 
compares the output signal of the latch circuit 361 with the output signal 
of the register 368 to detect whether they match or not. If the match 
has been detected, the match detection circuit 369 activates the signal 
10 HITE (to be set to the LOW level), for supply. In this configuration as 
well, the match detection circuit 369 is configured to detect whether the 
refresh address matches the write address or not before the write address 
is delayed by one write cycle. 
[0129] 

15 The match detection circuit 367 compares the output signal of the 

latch circuit 366 with the output signal of the latch circuit 361. If they 
match, the match detection circuit 367 activates the signal HIT1 (to be 
set to the LOW level), for supply. If a mismatch has been detected, the 
match detection circuit 367 outputs the signal HIT1 at the HIGH level. 

20 [0130] 

The latch circuit 361 for performing latching at the falling edge 
of the write control clock signal KW and the latch circuit 362 for 
performing latching at the rising edge of the write control clock signal 
KW function as the write address holding circuit for delaying the write 

25 address by one write cycle. 
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[0131] 

The register 133 in Fig. 1 may also have a one-late- write 
configuration according to the configuration in Fig. 10. More 
specifically, the register 133 in Fig. 1 is configured by omitting the 
5 register 368 for latching the refresh address and the match detection 
circuit 369 in Fig. 10. The chip enable signal /CE may also be 
employed as a latch timing signal in place of the clock signal CLK and 
the internal clock signal K. Alternatively, in the read operation, the 
chip enable signal may be employed in place of the internal clock signal 

10 K, and in the write operation, the write enable signal/WE may be 
employed in place of the write control clock signal KW. With this 
arrangement, the present invention can be applied to a pseudo SRAM as 
well, other than the clock-synchronous-type SRAM. As a variation of 
the embodiments described above, the R/W control circuit 132 may be 

15 controlled by the output of the HIT determination circuit 134 in Fig. 1. 
If a match has been detected at the HIT determination circuit 134, 
reading from the cell array 100 may be disabled. 
[0132] 

In the embodiments described above, the row address signal of the 
20 write address delayed by a predetermined cycle are compared with the 
refresh address at the register 130. The match detection signal HITE is 
thereby generated to perform control over the refresh operation. The 
row address signal of an externally supplied read address may be 
compared with the refresh address, for example. Then, if a mismatch 
25 between them has been detected, the refresh operation on the cell array 
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selected by the refresh address may be performed at the same time as 
data reading from the cell array selected by the read address. If the 
match has been detected, the refresh operation may be inhibited, and 
data reading from the cell array selected by the read address may be 
5 performed. 

[0133] 

A foregoing description of the present invention was directed in 
conjunction with the above-mentioned embodiments. The present 
invention, however, is not limited to the above-mentioned embodiments, 
10 and naturally includes various variations and modifications which could 
be made by those skilled in the art within the scope of the invention 
defined in the claims. 
[0134] 

The meritorious effects of the present invention are summarized 
15 as follows. 

As described above, according to the present invention, dual-port 
DRAM cells with word lines, bit lines, and a sense amplifier for 
refreshing are included, and a read/write operation and a refresh 
operation are made to be performed concurrently if a refresh address 
20 does not match an external address. A need for provision of a deselect 
time for the refresh operation is thereby eliminated, so that a clock- 
synchronous-type high-speed SRAM can be implemented at a low cost, 
with a smaller chip area and lower power dissipation. 

[0135] 

25 Further, according to the present invention, before a write 
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operation is started on the cell array, a refresh address is compared with 
a write address to detect whether the refresh address matches the write 
address or not. A delay on a signal path from a timing of latching of 
the refresh address to output of the refresh control signal is apparently 
5 reduced, thereby enabling a high-speed operation. 

It should be noted that other objects, features and aspects of the 
present invention will become apparent in the entire disclosure and that 
modifications may be done without departing the gist and scope of the 
present invention as disclosed herein and claimed as appended herewith. 
10 Also it should be noted that any combination of the disclosed 

and/or claimed elements, matters and/or items may fall under the 
modifications aforementioned. 



